Molecular dynamics investigations of hammerhead ribozyme RNA.
The hammerhead ribozyme, a small catalytic RNA molecule, cleaves, in the presence of magnesium ions, a specific phosphodiester bond within its own backbone, leading to 23-cyclic phosphate and 5-OH extremities. In order to study the dynamical flexibility of the hammerhead RNA, we performed molecular dynamics simulations of the solvated crystal structure of an active hammerhead ribozyme, obtained after flash-freezing crystals soaked with magnesium. Because of a careful equilibration protocol and the use of the Ewald summation in calculating the electrostatic interactions, the RNA structure remained close to the crystal structure, as attested by a root-mean-square deviation below 2.5 A after 750 ps of simulation. All Watson-Crick base pairs were intact at the end of the simulations. The tertiary interactions, such as the sheared G.A pairs and the U-turn, important for the stabilisation of the three-dimensional RNA fold, were also retained. The results demonstrate that molecular dynamics simulations can be successfully used to investigate the dynamical behaviour of a ribozyme, thus, opening a road to study the role of transient structural changes involved in ribozyme catalysis.